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(57) ABSTRACT 

An optical disc drive Which can at least read out data from 
an optical disc is disclosed. The optical disc drive comprises 
a rotational drive mechanism for rotating the loaded optical 
disc at a predetermined rotation speed Which is one of 
multiple rotation speed levels; an optical pick-up for reading 
out data from the optical disc Which is rotated by the 
rotational drive mechanism; a judgement device for making 
a judgement as to Whether the data has been properly read 
out from a predetermined portion of the optical disc; and a 
retry control device for loWering the rotation speed of the 
optical disc from the predetermined rotation speed When the 
judgement device has judged that the data has not been 
properly read out from the portion of the optical disc, and 
then for retrying to read out the data from the same portion 
of the optical disc rotating at the loWered rotation speed. 

15 Claims, 3 Drawing Sheets 
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OPTICAL DISC DRIVE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical disc drive. 
2. Description of the Prior Art 
There are knoWn optical disc drives for reading out data 

from a read-only optical disc such as a CD-ROM and the 
like, and optical disc drives for recording data onto and 
reading out data from a recordable optical disc such as a 
CD-R, a CD-RW and the like. 

In general, such optical disc drives include a rotational 
drive mechanism for rotating a loaded optical disc, an 
optical pick-up (optical head) Which is movable in a radial 
direction With respect to the loaded optical disc, and an 
optical pick-up moving mechanism equipped With a sled 
motor for moving the optical pick-up in the radial direction. 

The optical pick-up is constructed from an optical pick-up 
body (optical pick-up base) equipped With a laser diode and 
a split photodiode, an objective lens supported on the optical 
pick-up body by means of suspension springs to enable 
movement in the optical aXis direction (focus direction) and 
the radial direction With respect to the optical disc, and an 
actuator for moving the objective lens in the optical aXis 
direction and the radial direction. 

In such optical disc drives, ?rst, the optical pick-up is 
moved to a target track (target address). At the target track, 
data is recorded (Written) onto the optical disc and/or read 
out (reproduced) from the optical disc With focus control 
operation and tracking control operation being carried out. 

In these disc drives, in order to transmit data at a higher 
data transfer rate, it is required that the optical disc is rotated 
at a high speed. 

HoWever, When an optical disc is rotated at a high speed, 
there is a case that a proper play back can not be made (data 
can not be properly read out from the optical disc), that is 
there is a case that a read error occurs, due to ?aWs or dirty 
portions on the recording surface of the optical disc. Even 
though the degree of such ?aWs or dirty portions is negli 
gible under the loW rotation speed, such flows or dirty 
portions are like to affect reading out of data under the high 
rotation speed. If such a read error occurs When the optical 
disc is to be played back, it becomes impossible to read out 
proper data from the optical disc. 

In this regard, frequency of the occurrence of the read 
error can be reduced by using a loWer rotation speed for 
rotating the optical disc, but this in turn has the disadvantage 
of loWering a data transfer rate. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an optical disc drive capable of reliably reading out data 
from an optical disc in a shorter period of time. 

In order to achieve the above object, the present invention 
is directed to an optical disc drive Which can at least read out 
data from an optical disc When the optical disc is loaded into 
the optical disc drive, the optical disc drive comprising: 

a rotational drive mechanism for rotating the loaded 
optical disc at a predetermined rotation speed Which is 
one of multiple rotation speed levels; 

an optical pick-up for reading out data from the optical 
disc Which is rotated by the rotational drive mecha 
nism; 

judgement means for making a judgement as to Whether 
the data has been properly read out from a predeter 
mined portion of the optical disc; and 
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2 
retry control means for loWering the rotation speed of the 

optical disc from the predetermined rotation speed 
When the judgement means has judged that the data Was 
not properly read out from the portion of the optical 
disc, and then for retrying to read out the data from the 
same portion of the optical disc rotating at the loWered 
rotation speed. 

As Was described above, according to the present 
invention, in the case Where the judgement means of the 
optical disc drive has judged that data Was not properly read 
out from a portion of an optical disc, the optical disc drive 
loWers a rotation speed of the optical disc and then retry to 
read out the data from the same portion of the optical disc. 
This alloWs data to be reliably read out from an optical disc 
in a shorter period of time. 

In this invention, it is preferred that the judgement means 
is designed to make a judgement that data has not been 
properly read out from the portion of the optical disk When 
the data could not be properly read out in spite that trial has 
been made at least tWo times to read out the data from the 
same portion of the optical disc rotating at the predetermined 
rotation speed. 

In this case, it is preferred that the predetermined rotation 
speed of the optical disc is normally set at the maXimum 
rotation speed level in the multiple rotation speed levels. 

In the present invention, it is preferred that When the 
judgement means has judged that the data Was not properly 
read out from the portion of the optical disc, the retry control 
means loWers the rotation speed of the optical disc by one 
level from the predetermined rotation speed level and then 
retries to read out the data from the same portion of the 
optical disc rotating at the loWered rotation speed. 

In this case, the retry control means may be designed to 
loWer the rotation speed of the optical disc one level by one 
level in the multiple rotation speed levels and then retries to 
read out the data from the same portion at each of the 
loWered rotation speed levels until the data can be read out 
from the same portion of the optical disc. 

Further, in the present invention, it is preferred that the 
retry control means includes means for returning the loW 
ered rotation speed level to the previous rotation speed level. 
In this case, it is preferred that the previous rotation speed 
level is the maXimum rotation speed level. 

Furthermore, it is also preferred that the rotation speed of 
the optical disc is adapted to be set at the maXimum rotation 
speed level, When data of a different portion of the optical 
disc is to be read out by moving the optical pick-up over one 
truck or more. 

Moreover, it is preferred that the optical disc drive further 
comprises signal output means for outputting signal indi 
cating that an error has occurred during reading out the data, 
Wherein the signal output means outputs the signal When the 
judgement means has judged that the data Was not properly 
read out from the optical disc in spite that the retry control 
means loWers the rotation speed to the loWest rotation speed 
level in the multiple rotation speed levels and then retries to 
read out the data from the same portion of the optical disc. 

These and other objects, structures and advantages of the 
present invention Will be apparent from the folloWing 
description of the preferred embodiment When it is consid 
ered taken in conjunction With the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram Which generally shoWs a circuit 
con?guration of a preferred embodiment of an optical disc 
drive according to the present invention. 

FIG. 2 is a plan vieW Which generally shoWs components 
around an optical pick-up of the optical disc drive according 
to the present invention. 
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FIG. 3 is a How chart showing the control operations 
carried out by a control means When a computer sends one 
read command to the optical disc drive to read out data from 
one block of the optical disc. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to the appended drawings, a detailed 
description of the preferred embodiment of an optical disc 
drive according to the present invention Will be given beloW. 

FIG. 1 is a block diagram Which generally shoWs a circuit 
con?guration of the preferred embodiment of the optical 
disc drive according to the present invention. FIG. 2 is a plan 
vieW Which generally shoWs components around an optical 
pick-up of the optical disc drive according to the present 
invention. 

In this embodiment shoWn in these draWings, the optical 
disc drive 1 is con?gured into a CD-ROM drive for reading 
out data from an optical disc (CD-ROM) 2, but the preset 
invention is not limited thereto. 

In this connection, it is to be understood that a track is 
formed on the optical disc 2 in a spiral manner. Further, a 
plurality of blocks (e.g., about 10—20 blocks) are formed in 
a single track. 

The optical disc drive 1 includes a rotational drive mecha 
nism for rotating the loaded optical disc 2 at a rotation speed 
Which is one of multiple rotation speed levels. This rota 
tional drive mechanism is mainly constructed from a spindle 
motor 11 for rotating a turntable, a driver 23 for driving the 
spindle motor 11, and a turntable 13 Which is ?xed to the 
rotation aXle 12 of the spindle motor 11 for supporting the 
optical disc 2 thereon. 

Further, the optical disc drive 1 includes an optical 
pick-up (optical head) 3 Which can move in the direction of 
the arroW A shoWn in FIG. 2; an optical pick-up moving 
mechanism for moving the optical pick-up 3 in the direction 
of the arroW A shoWn in FIG. 2; a control means 9; an RF 
ampli?er IC 40; a servo processor (DSP) 51; a decoder 52; 
a memory (e.g., RAM or the like) 53; and a casing (not 
shoWn in the draWings) for housing all these elements. In 
this regard, the direction of the arroW A in FIG. 2 corre 
sponds to the radial direction of the optical disc 2 loaded in 
the optical disc drive 1. In other Words, the direction of the 
arroW A in FIG. 2 corresponds to a radial direction of the 
turntable 13 of the optical disc drive 1. Hereinafter, this 
radial direction of the optical disc 2 (radial direction of the 
turntable 13) Will be referred to simply as “the radial 
direction”. 

The optical pick-up 3 includes an optical pick-up body 
(optical pick-up base) 31 equipped With a laser diode (light 
source) 5 and a split photodiode (light-receiving portion) 6, 
and an objective lens (converging lens) 32. 

The objective lens 32 is supported by suspension springs 
(not shoWn in the draWings) provided on the optical pick-up 
body 31. Further, the objective lens 32 is arranged so as to 
be movable With respect to the optical pick-up body 31 in 
both the radial direction and the optical aXis direction of the 
objective lens 32. In this Way, When the objective lens 32 is 
deviated aWay from its neutral position (center point), the 
restoring force of the suspension springs Will bias the 
objective lens 32 back toWard the neutral position. In this 
connection, the direction of the optical aXis of the objective 
lens 32 corresponds to the direction of the rotation aXis of 
the optical disc 2 (that is, corresponds to the direction of the 
rotation aXis of the turntable 13). Hereinafter, the direction 
of the optical aXis of the objective lens 32 Will be referred 
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4 
to simply as the “optical aXis direction”, and the direction of 
the rotation aXis of the optical disc 2 Will be referred to 
simply as the “rotation aXial direction”. 

Further, the optical pick-up 3 includes an actuator 4 for 
moving the objective lens 32 With respect to the optical 
pick-up body 31. The actuator 4 includes a tracking actuator 
for moving the objective lens 32 in the radial direction, and 
a focusing actuator for moving the objective lens 32 in the 
optical aXis direction (rotation aXial direction) With respect 
to the optical pick-up body 31. 
The tracking actuator and the focusing actuator of the 

actuator 4 are respectively driven by a driver 21. 

Further, three support portions (sliders) 311 Which respec 
tively slide along guide shafts 16 (described beloW) are 
formed on the optical pick-up body 31. 
The optical pick-up moving mechanism is mainly con 

structed from a sled motor 7 equipped With a rotation aXle 
8, a driver 22 for driving the sled motor 7, a lead screW 
(Worm gear) 81 ?Xed to the rotation aXle 8 of the sled motor 
7, a reduction gear 14, a rack gear 15, the pair of guide shafts 
16 for guiding the optical pick-up 3, and the three support 
portions (sliders) 311 described above. 

The reduction gear 14 includes a Worm Wheel 141 Which 
meshes With the lead screW 81, and a pinion gear 142 Which 
has a smaller radius than the Worm Wheel 141 and Which is 
concentirically ?Xed to the Worm Wheel 141. 
The rack gear 15 meshes With the pinion gear 142. 

Further, the rack gear 15 is ?Xed to the optical pick-up body 
31. 
As described above, the support portions 311 of the 

optical pick-up 3 are supported for sliding movement along 
the guide shafts 16. Accordingly, the optical pick-up 3 is able 
to slidably move along the pair of guide shafts 16. The actual 
movement of the optical pick-up 3 Will be described beloW. 

First, the sled motor 7 is driven to rotate the lead screW 81 
in a predetermined direction. In accordance With this rota 
tion of the lead screW 81, the Worm Wheel 141 and the pinion 
gear 142 are rotated in a predetermined direction. Then, the 
rack gear 15 Which meshes With the pinion gear 142 trans 
fers the rotational motion of the pinion gear 142 to the 
support portions 311 of the optical pick-up 3 to cause the 
optical pick-up 3 to undergo linear motion. In this Way, the 
optical pick-up 3 is made to move in a predetermined 
direction along the guide shafts 16. 

Conversely, When the rotation aXle 8 of the sled motor 7 
and the lead screW 81 are rotated in the opposite direction to 
that described above, the optical pick-up 3 Will move along 
the guide shafts 16 in the opposite direction to that described 
above. 
As is common practice, the control means 9 is constructed 

from a microcomputer (CPU). The control means 9 carries 
out overall control of the optical disc drive 1. Namely, in 
addition to controlling elements such as the actuator 4 of the 
optical pick-up 3 and the laser diode 5, the control means 9 
also controls elements such as the sled motor 7, the spindle 
motor 11, the RF ampli?er IC 40, the servo processor 51, the 
decoder 52 and the memory 53, and the like. 
The control means 9 carries out the main functions of a 

judgement means for making a judgement as to Whether or 
not data has been properly read out from an optical disc. 

In this invention, the optical disc drive 1 may be remov 
ably connected to a computer via an interface control section 
(not shoWn in the draWings). In this Way, communication can 
be carried out betWeen the optical disc drive 1 and the 
computer 1. 
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This optical disc drive 1 is constructed so as to make it 
possible to set the data transmission rate, that is, the rotation 
speed (rotation number) of the optical disc 2, at any one of 
the different rotation speeds of m-levels (Where m is an 
integer greater than or equal to 2). 

In this embodiment, the rotation speed of the optical disc 
2 can be set at any one of the rotation speeds of seven levels. 
Namely, the rotation speed of the optical disc 2 can be set at 
any one of 1x speed (minimum speed), 2>< speed, 4>< speed, 
6>< speed, 8x speed, 10>< speed, 12>< speed and 32x speed 
(maximum speed). 

In this regard, each rotation speed described above is 
determined in multiples of the original rotation speed 
(single-speed/1>< speed) Which corresponds to the data trans 
fer rate of 150 kilobytes per second. Namely, 2>< speed, 4>< 
speed, 6>< speed, 8x speed, 10>< speed, 12>< speed and 32x 
speed refer to rotation speeds that are respectively tWo times, 
four times, siX times, eight times, ten times, tWelve times and 
thirty-tWo times of the original rotation speed (1>< speed). 

In this invention, as described above, the control means 9 
of the optical disc drive 1 is designed to make a judgement 
as to Whether or not data has been properly read out from the 
optical disc 2 rotating at a predetermined rotation speed. 
When the control means 9 has judged that data Was not 
properly read out from a predetermined part of the optical 
disc 2, the optical disc drive 1 loWers the rotation speed of 
the optical disc 2 by one level and then retries to read out the 
data in the predetermined part of the optical disc 2. 

In this invention, the control means 9 is preferably 
designed to make a judgement that data has not been 
properly read out from the optical disk 2 When it Was not 
possible to properly read out the data in spite that attempts 
(read retry) have been made several times to read out the 
data in the same block of the optical disc 2 rotating at the 
same rotation speed. 

In this regard, the control means 9 may be designed to 
make a judgement that data has not been properly read out 
from the optical disk 2 When a ?rst trial has failed in properly 
reading out data from the optical disc 2. 

Next, the operations of the optical disc drive 1 Will be 
described. 

First, the optical disc drive 1 moves the optical pick-up 3 
on a target track (target address). When the optical pick-up 
3 reaches the target track, the optical disc drive 1 carries out 
various controls such as focus servo control, tracking servo 
control, sled servo control and rotation frequency control 
(rotation speed control) and the like. In this Way, the optical 
disc drive 1 reads out (plays back/reproduces) the informa 
tion (data) from the optical disc 2. 
When the data is to be read out from the optical disc 2, the 

laser beam is emitted from the laser diode 5 of the optical 
pick-up 3 onto a predetermined track of the optical disc 2. 
This laser beam is re?ected by the optical disc 2. Then, the 
laser light re?ected by the optical disc 2 is received by the 
split photodiode 6 of the optical pick-up 3. 
A current is outputted in response to the amount of light 

received by the split photodiode 6. The current outputted 
from the split photodiode 6 is converted by an I-V ampli?er 
(current-voltage conversion section; not shoWn in the 
draWings) into voltage, and then it is outputted from the 
optical pick-up 3. 

The voltage (detection signal) outputted from the optical 
pick-up 3 is inputted into the RF ampli?er IC 40. In the RF 
ampli?er IC 40, an HF (RF) signal is generated by carrying 
out addition and ampli?cation and other operations to the 
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detection signal. This HF signal is an analog signal Which 
corresponds to the pits and lands formed onto the optical 
disc 2. 
The HF signal is inputted into the servo processor 51. In 

the servo processor 51, the inputted HF signal is digitiZed 
and then subjected to EFM (Eight to Fourteen Modulation) 
demodulation. Then, after being decoded (converted) into 
predetermined formatted data (DATA signal) in the servo 
processor 51, such converted data is inputted into the 
decoder 52. 

Then, after this data is decoded by the decoder 52 into 
data having a predetermined format for communication 
(transmission), such decoded data is transmitted to a com 
puter via an interface control section (not shoWn in the 
draWings). 

NeXt, a description Will be given for the tracking control, 
sled control and focus control carried out by the optical disc 
drive 1 When reading out data from the optical disc 2. 
As described above, the converted signal (voltage) that 

corresponds to the current outputted from the split photo 
diode 6 of the optical pick-up 3 is inputted into the RF 
ampli?er IC 40. 

Then, the RF ampli?er IC 40 produces a tracking error 
(TE) signal (voltage) based on such received converted 
voltage signal. 

This tracking error signal is a signal indicating the amount 
of deviation of the objective lens 32 in the radial direction 
With respect to the center of the target track. Namely, the 
tracking error signal is a signal Which indicates both the 
amount and the direction of the deviation of the objective 
lens 32 in the radial direction With respect to the center of the 
target track. 
The tracking error signal is inputted into the servo pro 

cessor 51. After carrying out predetermined signal process 
ing operations (i.e., phase inversion, ampli?cation and the 
like) for the tracking error signal, the servo processor 51 
produces a tracking servo signal (voltage). Then, a prede 
termined driving voltage responsive to such tracking servo 
signal is applied to the actuator 4 via the driver 21. By 
driving the actuator 4, the objective lens 32 is controlled so 
as to move toWard the center of the track. Namely, a tracking 
servo operation is engaged based on the thus produced 
tracking servo signal. 
At this point, it should be mentioned that it is not possible 

to make the objective lens 32 suf?ciently folloW the target 
track only by the actuation of the actuator 4. Accordingly, 
sled control is also carried out to make it possible for the 
objective lens 32 to fully folloW the target track. Namely, 
When the amount of the movement of the objective lens 32 
eXceeds a predetermined number of tracks, the sled motor 7 
is driven via the driver 22 to move the optical pick-up body 
31 in the same direction as the direction of movement of the 
objective lens 32. Thus, by carrying out these controls, it 
becomes possible to return the objective lens 32 to the 
neutral position. 

Further, the RF ampli?er IC 40 produces a focus error 
(FE) signal (voltage) based on the converted voltage signal 
that corresponds to the current outputted from the split 
photodiode 6. 

This focus error signal is a signal indicating the amount of 
deviation of the objective lens 32 in the optical aXis direction 
(rotation aXial direction) With respect to the focus point. 
Namely, the focus error signal is a signal Which indicates 
both the amount and the direction of the deviation of the 
objective lens 32 in the optical aXis direction (rotation aXial 
direction) With respect to the focus point. 
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The focus error signal is inputted into the servo processor 
51. After carrying out predetermined signal processing 
operations (i.e., phase inversion, ampli?cation and the like) 
for the focus error signal, the servo processor 51 produces a 
focus servo signal (voltage). Then, a predetermined driving 
voltage in response to such focus servo signal is applied to 
the actuator 4 via the driver 21. By driving the actuator 4, the 
objective lens 32 is controlled so as to move toWard the 
focus point. Namely, a focus servo operation is carried out 
based on the thus produced focus servo signal. 

Next, a description Will be given for the control operations 
carried out by the control means 9 When reading out data 
from the optical disc 2 and then transmitting the data to a 
computer connected to the optical disc drive 1. In this 
embodiment, a description Will be made With regard to the 
typical case Where the computer sends one read command to 
the optical disc drive 1 to read out data from one block of the 
optical disc 2. 

In this connection, FIG. 3 is a How chart shoWing the 
control operations carried out by the control means 9 When 
the computer sends one read command to the optical disc 
drive 1 to read out data from one block of the optical disc 2. 
HereinbeloW, a description Will be given With reference to 
this How chart. 

In this connection, it is to be understood that the program 
represented by the How chart is one example of judgement 
means and retry control means of the present invention, 
Wherein the judgement means makes a judgement as to 
Whether the data has properly read out from a predetermined 
portion of the optical disc; and the retry control means 
loWers the rotation speed of the optical disc from the 
predetermined rotation speed When the judgement means 
has judged that the data has not been properly read out from 
the portion of the optical disc, and then retries to read out the 
data from the same portion of the optical disc rotating at the 
loWered rotation speed. 
When a poWer supply sWitch is turned ON, the folloWing 

program is executed. 
First, a judgement as to Whether or not a read command 

(that is, a signal indicating that data should be read out from 
a predetermined block of the optical disc 2) has been 
received from the computer is carried out (Step 101). In the 
case Where it is judged at Step 101 that the read command 
has been received (“YES” judgement), a judgement as to 
Whether or not the data in the block of the optical disc 2 
demanded by the computer (hereinafter, referred to simply 
as the “demanded data”) is already stored in the memory 53 
(Step 102). 

Next, in the case Where it is judged at Step 102 that the 
demanded data is already stored in the memory 53 (“YES” 
judgement), such data is read out from the memory 53 and 
then transmitted to the computer (Step 119). 
On the other hand, in the case Where it is judged at Step 

102 that the demanded data is not stored in the memory 53 
(“NO” judgement), a judgement as to Whether or not a seek 
operation should be carried out, that is, Whether or not the 
optical pick-up 3 needs to be moved in the radial direction 
over one or more tracks is carried out (Step 103). 

In the case Where it is judged at Step 103 that a seek 
operation should be carried out (“YES” judgement), the 
rotation speed of the optical disc 2 is set at the maximum 
rotation speed (e.g., 32x speed) (Step 104). 

Next, the number of try times “n” in a read try counter is 
initialiZed to set it at a predetermined value n1 (Step 105). 
NoW, in this embodiment, the number of try times means a 
number of times that the optical disc drive 1 shall try to read 
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out the demanded data from a target block of the optical disc 
2 rotating at the same rotation speed (in this case, the 
maximum rotation speed). Hereinafter, the target block of 
the optical disc 2 Which had data corresponding to the 
demanded data is referred to simply as the “target block”. 

The predetermined value n1 is an integer that is preferably 
greater than or equal to 2, and more preferably in the range 
of about 5—49. As a result, the number of retry times (Which 
is one less than the number of try times n) is an integer that 
is preferably greater than or equal to 1, and more preferably 
in the range of about 4—48, because the ?rst trial is not 
included in the de?nition of “retry”. 
By setting the predetermined value n1 at an integer value 

of 2 or greater, the optical disc drive 1 can retry at least one 
time to read out the demanded data from the target block of 
the optical disc 2 under the same rotation speed. Namely, 
even When the demanded data has not been properly read out 
at the ?rst trial for reading out the demanded data, the optical 
disc drive 1 can retry at least one time to read out the 
demanded data from the target block of the optical disc 2 
rotating at the same rotation speed as in the ?rst trial. This 
retry function makes it possible to read out demanded data 
more reliably. 

Next, a seek operation is carried out to position the 
objective lens 32 of the optical pick-up 3 on a block 
precedent to the target block Which has data corresponding 
to the demanded data from the computer (Step 106). During 
this seek operation, a rotation speed control operation is 
carried out to make the optical disc 2 rotate at a target 
rotation speed (i.e., the maximum rotation speed). 

Next, a judgement as to Whether or not the seek operation 
has been completed, that is, Whether or not the objective lens 
32 of the optical pick-up 3 has been positioned above the 
block precedent to the target block is carried out (Step 107). 
On the other hand, in the case Where it is judged at Step 

103 that a seek operation is unnecessary (“NO” judgement), 
the current rotation speed of the optical disc 2 is maintained 
(Step 108). 

Next, the number of the try times “n” of the read try 
counter is initialiZed to set it at the predetermined value n1 
stated in the above (Step 109). 

After Step 109, or in the case Where it is judged at Step 
107 that the seek operation has been completed (“YES” 
judgement), the optical disc drive 1 starts to read out data 
from the optical disc 2 (Step 110). 

Next, a judgement as to Whether or not a read error (e.g., 
decoding error or the like) has occurred, that is, Whether or 
not data has been properly read out from the optical disc 2 
is carried out (Step 111). 

In the case Where it is judged at Step 111 that a read error 
has occurred during the data reading out operation, namely, 
in the case Where data has not been properly read out from 
the block (e.g., in the case Where an HF signal Was not 
produced, in the case Where decoding Was not possible, or in 
the case Where data Was not properly decoded), the program 
returns to Step 111. Subsequently, the optical disc drive 1 
attempts to read out data in the next block, and then the 
control means 9 makes a judgement as to Whether or not a 

read error has occurred for the next block (Step 111). 
In the case Where it is judged at Step 111 that a read error 

has not occurred (“YES” judgement), that is, in the case 
Where data has been properly read out, the block having such 
read out data (decoded data) (hereinafter, referred to simply 
as the “current block”) is compared With the target block 
(Step 112). 
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Next, a judgement as to Whether or not the position of the 
current block precedes the target block is carried out (Step 
113). 

In the case Where it is judged at Step 113 that the position 
of the current block precedes the target block (“YES” 
judgement), the program returns to Step 111, and then Step 
111—Step 113 are repeated to try to read out the demanded 
data. 
On the other hand, in the case Where it is judged at Step 

113 that the position of the current block does not precede 
the target block (that is, in the case Where the current block 
corresponds to the target position, or in the case Where the 
position of the current block has passed the target block), a 
judgement as to Whether or not the current block is the target 
block is carried out (Step 114). 

NoW, in the case Where it Was not possible to read out data 
from the target block demanded by the computer, the pro 
gram attempts to read out data from a block or blocks 
following the target block until YES judgement in Step 114. 
As a result, When data could be properly read at any one of 
the folloWing blocks, a No judgement is made at Step 114, 
and then the program proceeds to Step 115. 
On the other hand, in the case Where the data can be 

properly read out from the target block, a YES judgement is 
made at Step 114, and then the program proceeds to Step 
119. 

Here, in the case Where it is judged at Step 114 that the 
current block is not the target block (“NO” judgement), that 
is, in the case Where it is judged that the position of the 
current block has already passed the target block, the pro 
gram proceeds to Step 115, and then the number of the try 
times “n” in the read try counter is decreased by one 
decrement (Which is represented by “n=n—1” at Step 115 in 
FIG. 3). 

Next, at Step 116, a judgement as to Whether or not the 
value of the number of the try times “n” in the read try 
counter is Zero is carried out. In the case Where it is judged 
at Step 116 that the value of the number of the try times “n” 
is not Zero (“NO judgement”), the current rotation speed of 
the optical disc 2 is maintained, and then returning to Step 
106. Thereafter, the steps 106—114 are carried out again. 
Namely, the optical disc drive 1 retries to read out the 
demanded data in the target block of the optical disc 2 
rotating at the same rotation speed as that in the ?rst trial for 
reading out the demanded data. 
On the other hand, in the case Where it is judged at Step 

114 that the current block is the target block (“YES” 
judgement), the optical disc drive 1 transmits the read out 
data to the computer (Step 119). 

Further, in the case Where it is judged at Step 116 that the 
value of the number of the try times “n” in the read try 
counter is Zero (“YES” judgement at Step 116), a judgement 
as to Whether or not the current rotation speed is at the 1x 
speed is carried out (Step 117). In other Words, in the case 
Where the optical disc drive 1 has not been able to read out 
the demanded data in spite that trial (retry) for reading out 
the demanded data from the optical disc 2 rotating at the 
same rotation speed has been repeated out n1 times, the 
control means 9 makes a judgement as to Whether or not the 
current rotation speed of the optical disc 2 is at 1x speed. 

In the case Where it is judged at Step 117 that the current 
rotation speed is not at 1x speed (“NO” judgement), the 
rotation speed of the optical disc 2 is decreased (loWered) by 
one level (Step 118). Then, after returning to Step 105, the 
steps 105—114 are carried out again. Namely, the optical disc 
drive retries to read out the demanded data in the target block 
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10 
of the optical disc 2 rotating at a rotation speed Which is one 
level beloW the rotation speed level used for the previous 
trial. 
On the other hand, in the case Where it is judged at Step 

117 that the current rotation speed is at the 1x speed (“YES” 
judgement), that is, in the case Where the optical disc drive 
1 has not been able to read out the demanded data in spite 
that the optical disc drive 1 has tried n1 times to read out the 
demanded data from the optical disc 2 rotating at the 1x 
speed, the optical disc drive 1 noti?es the computer that an 
error has occurred (Step 120). 

After Step 119 or Step 120, the program returns to Step 
101, and then the Whole program routine after Step 101 is 
ready to execute. Namely, When a neW read command is 
received from the computer, the program proceeds to Step 
102, and then the steps after Step 102 are executed as 
described above. 

In this case, When the control means 9 has judged at Step 
103 that a seek operation is necessary (“YES” judgement), 
the rotation speed of the optical disc 2 is re-set at a 
predetermined rotation speed Which is higher than the cur 
rent rotation speed, that is, the maximum rotation speed 
(e.g., 32x speed) (Step 104). On the other hand, When the 
control means 9 has judged at Step 103 that a seek operation 
is unnecessary (“NO” judgement), the current rotation speed 
of the optical disc 2 is maintained (Step 108). 

In this Way, data demanded by the computer can be read 
out from the optical disc 2 in a shorter period of time. For 
example, in the case Where a rotation speed of the optical 
disc 2 had to be loWered to read out data in a target block due 
to the presence of ?aWs or dirty portions on the optical disc 
2, there is a high probability that the rotation speed of the 
optical disc 2 must also be loWered to read out data from a 
block Which is close to the target block. Accordingly, in the 
case Where the optical disc drive 1 attempts to read out data 
from the block Which is close to the target block after 
reading out data from the target block, that is, in the case 
Where the optical disc drive 1 reads out data, Without 
carrying out a seek operation, from a block Which is different 
from the block from Which the optical disc drive 1 has 
previously read out data, the optical disc drive 1 maintains 
the current rotation speed of the optical disc 2. In this case, 
since time for changing a rotation speed of the optical disc 
2 is unnecessary, data demanded by the computer can be 
read out from the optical disc 2 in a shorter period of time. 
On the other hand, in the case Where the optical disc drive 

1 reads out data from a block relatively far from the target 
block after reading out data from the target block, that is, in 
the case Where the optical disc drive 1 reads out data, With 
carrying out a seek operation, from a block Which is different 
from the block from Which the optical disc drive 1 has 
previously read out data, the rotation speed of the optical 
disc 2 is returned to the maximum level (e.g., 32>< speed). 
This alloWs data demanded by the computer to read out at a 
high speed and then transmit the read out data to the 
computer in a shorter period of time. 

Further, although not shoWn in the draWings, When the 
poWer supply sWitch is turned OFF (for example, While in 
the standby state at Step 101), the program shoWn in FIG. 3 
is terminated. 
As Was described above, in the ?rst trial for reading out 

data, the optical disc drive 1 of this invention sets a rotation 
speed of the optical disc 2 at the maximum level (e.g., 32>< 
speed), and then tries to read out data from the optical disc 
2 rotating at such a rotation speed. This alloWs data 
demanded by the computer to be read out and then trans 
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mitted to the computer from the optical disc 2 in a shorter 
period of time. 

Further, When data has not been properly read out from 
the optical disc 2, the optical disc drive 1 of this invention 
loWers the rotation speed of the optical disc 2 to a rotation 
speed Which is one level beloW the current rotation speed to 
retry to read out the data. In this Way, for example, it 
becomes possible to suppress the occurrence of a read error, 
even When ?aWs or dirty portions are present on the optical 
disc 2. Therefore, data demanded by the computer can be 
reliably and properly read out from the optical disc 2. 

Furthermore, even if a rotation speed of the optical disc 2 
is loWered to read out data demanded by the computer, the 
optical disc drive 1 of this invention can re-set the rotation 
speed of the optical disc 2 at a rotation speed Which is higher 
than the current rotation speed, that is, the maXimum level 
(e.g., 32><speed), When a neW demand is received. This 
prevents the high-speed data reading out performance of the 
optical disc drive 1 from loWering. 

Moreover, according to the present invention, in the case 
Where the optical disc drive 1 reads out data from the block 
Which is close to the target block after reading out data from 
the target block, that is, in the case Where the optical disc 
drive 1 reads out data, Without carrying out a seek operation, 
from a block Which is different from the block from Which 
the optical disc drive 1 has previously read out data, the 
optical disc drive 1 maintains the current rotation speed of 
the optical disc 2. In this case, since time required for 
increasing a rotation speed of the optical disc 2 is 
unnecessary, data demanded by the computer can be read out 
from the optical disc 2 in a shorter period of time. 
On the other hand, in the case Where the optical disc drive 

1 reads out data from a block relatively far from a target 
block after reading out data from the target block, that is, in 
the case Where the optical disc drive 1 reads out data, With 
carrying out a seek operation, from a block Which is different 
from the block from Which the optical disc drive 1 has 
previously read out data, the rotation speed of the optical 
disc 2 is returned to the maXimum level (e.g., 32x speed). 
This alloWs data demanded by the computer to be read out 
and then transmitted to the computer from the optical disc 2 
over a shorter period of time. 

In connection With the above description, it should be 
noted that the present invention is not limited to the embodi 
ment described above With reference to FIGS. 1—3, and it is 
possible to change any of the elements described above With 
other elements that perform the same function. 

For eXample, in the embodiment described above, the 
control operations performed by the control means 9 Were 
described for the case Where the computer connected to the 
optical disc drive 1 sends one read command to read out data 
from one block of the optical disc 2. HoWever, the present 
invention is not limited to this. For eXample, the control 
means 9 may perform the same operations as those 
described above for the case Where the computer sends one 
read command to read out data from a plurality of blocks of 
the optical disc 2. 

Further, it should be noted that the optical disc drive 
according to the present invention is not limited to the 
CD-ROM drive. For eXample, it is possible to apply the 
present invention to various optical disc drives Which can 
Write data onto and read out data from a recordable optical 
disc (having a pre-groove) such as CD-R, CD-RW, DVD-R 
and DVD-RAM. 

Finally, it is to be understood that many changes and 
additions may be made to the embodiments described above 
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Without departing from the scope and spirit of the invention 
as de?ned in the appended Claims. 
What is claimed is: 
1. An optical disc drive Which can at least read out data 

from an optical disc When the optical disc is loaded into the 
optical disc drive, the optical disc drive comprising: 

a rotational drive mechanism for rotating the loaded 
optical disc at a predetermined rotation speed Which is 
one of multiple rotation speed levels; 

an optical pick-up for reading out data from the optical 
disc Which is rotated by the rotational drive mecha 
nism; 

judgement means for making a judgement as to Whether 
the data has been properly read out from a predeter 
mined portion of the optical disc; and 

retry control means for loWering the rotation speed of the 
optical disc from the predetermined rotation speed 
When the judgement means has judged that the data has 
not been properly read out from the predetermined 
position of the optical disc, and then for retrying to read 
out the data from the same portion of the optical disc 
rotating at the loWered rotation speed Wherein When the 
judgement means makes the judgement, the optical 
pick-up is moved to a block preceding the predeter 
mined portion and the judgement is carried out for each 
of the blocks located before the predetermined position 
including a target block. 

2. The optical disc drive as claimed in claim 1, Wherein 
the judgement means is designed to make a judgement that 
data has not been properly read out from the portion of the 
optical disk When the data could not be properly read out in 
spite that trial has been made at least tWo times to read out 
the data from the same portion of the optical disc rotating at 
the predetermined rotation speed. 

3. The optical disc drive as claimed in claim 1, Wherein 
the predetermined rotation speed of the optical disc is 
normally set at the maXimum rotation speed level in the 
multiple rotation speed levels. 

4. The optical disc drive as claimed in claim 1, Wherein 
When the judgement means has judged that the data Was not 
properly read out from the portion of the optical disc, the 
retry control means loWers the rotation speed of the optical 
disc by one level from the predetermined rotation speed 
level and then retries to read out the data from the same 
portion of the optical disc rotating at the loWered rotation 
speed. 

5. The optical disc drive as claimed in claim 4, Wherein 
the retry control means is designed to loWer the rotation 
speed of the optical disc one level by one level in the 
multiple rotation speed levels and then retries to read out the 
data from the same portion at each of the loWered rotation 
speed levels until the data can be read out from the same 
portion of the optical disc. 

6. The optical disc drive as claimed in claim 1, the retry 
control means includes means for returning the loWered 
rotation speed level to the previous rotation speed level. 

7. The optical disc drive as claimed in claim 6, Wherein 
the previous rotation speed level is the maXimum rotation 
speed level. 

8. The optical disc drive as claimed in claim 1, Wherein 
the rotation speed of the optical disc is adapted to be set at 
the maXimum rotation speed level, When data of a different 
portion of the optical disc is to be read out by moving the 
optical pick-up over one truck or more. 

9. The optical disc drive as claimed in claim 1, further 
comprising signal output means for outputting signal indi 
cating that an error has occurred during reading out the data, 
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wherein the signal output means outputs the signal When the 
judgement means has judged that the data has not been 
properly read out from the optical disc in spite that the retry 
control means loWers the rotation speed to the loWest 
rotation speed level in the multiple rotation speed levels and 
then retries to read out the data from the same portion of the 
optical disc. 

10. The optical disc drive as claimed in claim 1 Wherein 
the judgement means includes means for judging if a seek 
operation is required based on the information of the current 
position of the optical pick-up and the information of the 
target block, and When the judging means judges that a seek 
operation is required, the optical pick-up is moved to the 
precedent block With the rotational speed of the optical disc 
being set at the maXimum rotation speed. 

11. The optical disc drive as claimed in claim 1 Wherein 
the judgement means includes means for judging as to 
Whether a seek operation is required based on the informa 
tion of the current position of the optical pick-up and the 
information of the target block, and When the judging means 
judges that a seek operation is not needed, the judgement is 
carried out from the current position. 
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12. The optical disc drive as claimed in claim 11 Wherein 

the judgement is carried out While maintaining the current 
rotational speed of the optical disk. 

13. The optical disc drive as claimed in claim 1 Wherein 
When data cannot be read from the precedent block, the 
judgement is carried out from the neXt closest block to the 
target block and further Wherein this operation is repeated 
until a block from Which data can be read out is identi?ed. 

14. The optical disc drive as claimed in claim 13 Wherein 
When data can be read out from the current block, a 
judgement is made as to Whether the position of the current 
block precedes the target block. 

15. The optical disc drive as claimed in claim 14 Wherein 
When the judgement means judges that the current block 
does not precede the target block, a judgement is made as to 
Whether the current block is the target block and further 
Wherein if the current block is not the target block, the retry 
control means is operated. 

* * * * * 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,414,926 B1 Page 1 of 1 
DATED : July 2, 2002 
INVENTOR(S) : Sugiyama et al. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 1 
Line 41, replace “?ows” with -- ?aws - 

Column 3 
Line 19, replace “preset” with -- present - 

Column 12 
Line 31, replace “disk” with -- disc - 

Column 14 
Line 3, replace “disk” with -- disc - 

Signed and Sealed this 

Twenty-first Day of January, 2003 

JAMES E. ROGAN 
Director ofthe United States Patent and Trademark O?‘ice 


